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Abstract
Background: Students are vulnerable to Internet addiction (IA). Influences of cognitions based on the Health Belief
Model (HBM) and perceived number of peers with IA (PNPIA) affecting students’ IA, and mediating effects involved,
have not been investigated.
Methods: This cross-sectional study surveyed 9518 Hong Kong Chinese secondary school students in the school
setting.
Results: In this self-reported study, the majority (82.6 %) reported that they had peers with IA. Based on the Chinese
Internet Addiction Scale (cut-off =63/64), the prevalence of IA was 16.0 % (males: 17.6 %; females: 14.0 %). Among the
non-IA cases, 7.6 % (males: 8.7 %; females: 6.3 %) perceived a chance of developing IA in the next 12 months.
Concurring with the HBM, adjusted logistic analysis showed that the Perceived Social Benefits of Internet Use
Scale (males: Adjusted odds ratio (ORa) = 1.19; females: ORa = 1.23), Perceived Barriers for Reducing Internet Use
Scale (males: ORa = 1.26; females: ORa = 1.36), and Perceived Self-efficacy for Reducing Internet Use Scale (males:
ORa = 0.66; females: ORa = 0.56) were significantly associated with IA. Similarly, PNPIA was significantly associated
with IA (‘quite a number’: males: ORa = 2.85; females: ORa = 4.35; ‘a large number’: males: ORa = 3.90; females:
ORa = 9.09). Controlling for these three constructs, PNPIA remained significant but the strength of association
diminished (‘quite a number’: males: multivariate odds ratio (ORm) = 2.07; females: ORm = 2.44; ‘a large number’:
males: ORm = 2.39; females: ORm = 3.56). Hence, the association between PNPIA and IA was partially mediated
(explained) by the three HBM constructs. Interventions preventing IA should change these constructs.
Conclusions: In sum, prevalence of IA was relatively high and was associated with some HBM constructs and PNPIA,
and PNPIA also partially mediated associations between HBM constructs and IA. Huge challenges are expected, as
social relationships and an imbalance of cost-benefit for reducing Internet use are involved. Perceived susceptibility
and perceived severity of IA were relatively low and the direction of their associations with IA did not concur with the
HBM. Group cognitive-behavioral interventions involving peers with IA or peers recovered from IA are potentially useful
to modify the HBM constructs and should be tested for efficacy.
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Background
Internet addiction (IA) is defined as an impulse-control
disorder of Internet use that has negative impacts on
daily life function, family relationships, and emotional
stability [1–3]. Contemporary adolescents grow up in an
environment that Internet use has become increasingly
important in multi-facets of life [4]. Adolescents tend to
have lower self-control for online activities and are more
likely than adults to develop IA [5]. The prevalence of
IA among adolescents varies across countries [2], ran-
ging from 1.9 to 8.2 % in European countries [6–9], from
2.3 to 20.7 % in Asian countries [10–15], and from 6.7
to 26.7 % in Hong Kong [16–18]. The variation is pos-
sibly due to different methodologies (e.g., measurement
tools, mode of data collection, sampling methods) and
time-frames used in these studies [18]. Among adoles-
cents, IA has been associated with psychosocial prob-
lems, including poor academic performance, poor
parental-child relationships, physical and mental health
problems, withdrawal from daily life, hostility, and
aggressiveness [2, 5, 17, 19–21]. Previous studies con-
ducted in Asia (e.g., Taiwan [20–25], Hong Kong [16–
18], South Korea [11, 26, 27], and mainland China [13,
28]) reported significant risk factors of IA, including sex-
ual intercourse experience, family problems, low self-
esteem, social isolation, impulsivity, Internet accessibility
and other risk behaviors [12, 27, 29–32].
As theory-based interventions are more effective than
non-theory-based ones [33], it is warranted to apply
such theories to understand IA. The Health Belief Model
(HBM), a commonly used theory, has been applied to
explain various health-related behaviors (e.g., condom
use [34], tooth brushing [35], and motorcycle helmet use
[36]) and to design related interventions (e.g., influenza
vaccination [37] and helmet promotion program [38])
among adolescents. It consists of six constructs: per-
ceived susceptibility, perceived severity, perceived bene-
fits, perceived barriers, cue to action and self-efficacy
[39, 40]. According to the model, adolescents who are
not threatened by IA (those who perceive low suscepti-
bility and low severity), see good reasons to use the
Internet (high perceived benefits), expect adverse conse-
quences from reducing Internet use (high perceived bar-
riers), find it difficult to reduce Internet use (low
perceived self-efficacy to reduce Internet use), and are sel-
dom reminded by others to reduce Internet use (absence
of cue to action), are more likely than others to develop
IA. This important theory has however, not been applied
to understand IA among both adolescents and adults.
Furthermore, peer influence is one of the strongest de-
terminants of risk behaviors among adolescents [41–45],
as they tend to respond strongly to social reward and
conformity [46]. According to the Theory of Planned Be-
havior, supportive subjective norm, which is defined as
significant others’ approval of a particular risk behavior,
is an important determinant of the risk behavior [47]. In
addition, affiliation with peers engaging in a particular
risk behavior is a risk factor of that behavior (e.g., sub-
stance abuse, smoking, and alcohol drinking [41–45,
48]). Such an association can be explained by processes
such as social pressure [47], social selection [41, 49, 50]
and social learning [51, 52]. Previous studies have re-
ported that affiliations with peers who use alcohol, illicit
drugs, or have other deviant behaviors were risk factors
of IA among adolescents [19, 53], but the impact of the
presence of peers with IA remains unknown. We con-
tend that affiliation with peers who have IA is a potential
risk factor of IA among adolescents. While the afore-
mentioned types of risk behaviors are regarded by the
public as harmful, undesirable misconduct, or even il-
legal, Internet use by itself could be neutral or even seen
as beneficial in the eyes of some adolescents. Hence,
peer influences on IA, which have not been well-studied,
may be different from those of other risk behaviors. Re-
search is warranted to clarify the relationship between
peer influence and IA.
It is important to investigate the underlying mechan-
ism behind the association between affiliation with peers
with IA and IA among adolescents. According to the
Peer Cluster Theory [54], peers are strong socializing
agents who actively shape other adolescents’ behaviors
by changing their corresponding beliefs and attitudes.
Peers with behavioral problems may serve as negative
role models [55], hence adolescents may directly learn
and adopt favorable beliefs of Internet use and IA (e.g.,
low perceived severity of IA and high perceived benefits
of Internet use) from peers with IA [56]. Moreover, ob-
serving peers with IA who have failed to control their
Internet use may lower one’s perceived self-efficacy on
controlling Internet use through vicarious learning [57],
thus heightening his/her risk of developing IA. There-
fore, cognitions related to the HBM are potential media-
tors of the association between affiliation with peers
with IA and IA among adolescents.
In the present study, we investigated the prevalence of
IA among Chinese secondary school students in Hong
Kong, China. Two categories of associated factors were in-
vestigated: 1) cognitive factors based on the HBM, and 2)
perceived number of peers with IA (PNPIA). We hypothe-
sized that the association between PNPIA and IA, if any,
would be mediated by some HBM factors. This is the first
study investigating the role of the HBM to understand IA,
including its direct and mediating effects.
Methods
Study design
A cross-sectional survey was conducted from September
2012 to January 2013. One school was randomly selected
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from each of the 19 districts in Hong Kong and partici-
pants were evenly recruited from all Chinese Secondary
1 to 4 (i.e., 7–10th year of formal education) students of
such schools. Secondary 5 and 6 students were not in-
cluded because they needed to prepare for university en-
trance examinations and thus some selected schools did
not recommend those students to join the survey. It is a
limitation that age of the participants was not asked in
this study because we expected the participants to have
a relatively narrow age range. Age was strongly associ-
ated with school grade and in Hong Kong, Secondary 1
to 4 students range from 12 to 16 years old [58]. The
participants were briefed by fieldworkers and filled out
an anonymous and structured questionnaire in class-
room settings, in the absence of teachers. They were
guaranteed that the collected data would only be
accessed by the researchers. Written consent was ob-
tained from parents (average response rate of the
school = 94.1 %; SD = 4.1 %). Of the 9,666 students
who filled out the survey, 148 (1.53 %) were excluded
from data analysis due to incomplete questionnaires. No
incentive was provided to the participants. Ethics approval
was obtained from the Ethics Committee of the Chinese
University of Hong Kong.
Measures
Information on socio-demographics (including grades,
parents’ education attainment, father’s age, living ar-
rangement with parents, place of birth, and duration of
residency in Hong Kong) was collected. PNPIA was
assessed by the question: “How many friends of yours do
you think have IA?” Responses included nil, only a few,
quite a number, and a large number.
The 26-item Chinese Internet Addiction Scale (CIAS)
was used to identify probable cases of IA [59]. It has five
constructs, including symptoms of compulsive use, with-
drawal, tolerance, problems in interpersonal relation-
ships and physical conditions, and time management
[59]. The item responses range from “definitely disagree”
(1) to “definitely agree” (4). A summative score was
formed, with higher scores indicating higher severity of
IA (range =26 to 104). The original instrument showed
good psychometric properties [59], and has been used
among Chinese adolescents in Hong Kong [16] and
Taiwan [21, 25, 60–62]. Using the cut-off value of 63/64
[63], CIAS yielded high specificity of 92.6 % and an ex-
cellent diagnostic accuracy rate of 87.6 % in another
study [63]. In this study, the Cronbach’s alpha of the
total scale was 0.95. Cronbach’s alpha is the most widely
used method for assessing reliability of measurement
tools [64]. It has been reported in many studies, in-
cluding those on IA [18, 20]. Its highest value is 1.0,
and values 0.5 to 0.6 are regarded as acceptable in
preliminary research [65].
We constructed six scales for the six constructs of the
HBM on issues related to Internet use and IA, with a 5-
point Likert response scale (from definitely disagree [1]
to definitely agree [5]). A panel was formed, including
psychologists, public health researchers, and epidemiolo-
gists, to create items of such scales. (1) Perceived Suscep-
tibility to IA was assessed by a single item: “You will
have IA in the next 12 months”. (2) Perceived Severity of
IA was assessed by the item: “The consequences would
be very harmful if I had IA”. (3) The Perceived Social
Benefits of Internet Use Scale summed up the item
scores of five items assessing perceived social benefits
(“The Internet is an important means to keep in touch
with my friends in real life”, “The Internet is the key for
me to meet new friends”, “On the Internet, there is
someone I trust who can solve my problems”, “On the
Internet, there is someone who can give me advice when
I need to make important decisions”, and “On the Inter-
net, there is someone who can talk to me when I feel
lonely”). Cronbach’s alpha was 0.80 (range = 5 to 25). (4)
The Perceived Barriers for Reducing Internet Use Scale
involved four items (Reduction of Internet use would re-
sult in: ‘less communication with your friends’, ‘feeling
lost’, ‘a boring life’, or ‘feeling old fashion’). The summa-
tive scale ranged from 4 to 20, with a Cronbach’s alpha
of 0.82. (5) The Cue to Action to Reduce Internet Use
Scale involved two statements (“Your parents have often
asked you to reduce Internet use” and “Your teachers/
social workers have asked you to reduce Internet use”).
The summative scale scores ranged from 2 to 10 (Cron-
bach’s alpha = 0.58). (6) Lastly, the Perceived Self-efficacy
for Reducing Internet Use involved two items: “You are
confident to reduce Internet use if you would like to do
so”, and “You find it difficult to reduce Internet use”.
The summative scale was formed by summing up the
score of the first item and the reversed score of the sec-
ond item; it ranged from 2 to 10 (Cronbach’s alpha =
0.63). Higher scores of the constructed scales repre-
sented higher levels of the constructs.
Statistical analysis
The dependent variable was probable IA, defined as hav-
ing a CIAS score >63 [63]. Chi-square test and t-test were
used to compare between-group gender differences on all
independent variables (including socio-demographic fac-
tors, HBM constructs, and PNPIA), and separate analyses
were conducted for males and females. Spearman correl-
ation coefficients between PNPIA and the significant
scales that concurred with the HBM were presented. Uni-
variate odds ratios (ORu) were firstly derived for all inde-
pendent variables. Adjusted odds ratios (ORa) were then
obtained for the HBM constructs and PNPIA by fitting
multiple logistic regression models, adjusted for all socio-
demographic variables that were found to be statistically
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significant (p < 0.05) in the univariate analysis. Lastly, a
multiple logistic regression model was fit to derive multi-
variate odds ratios (ORm) by entering PNPIA and those
scales that were significantly associated with IA and con-
curred with the HBM into the same model. The model
was also adjusted for socio-demographic variables that
were found to be statistically significant in the univariate
analysis. Respective 95 % confidence intervals (CI) were
derived for all odds ratios presented in the report. Statis-
tical significance was defined as p < 0.05 and all analyses
were conducted by using SAS 9.2 (SAS Institute, Cary,
NC, USA).
Results
Background characteristics of the participants
Among all students, the majority lived with both parents
(82.7 %) and were born in Hong Kong (78.6 %), and 16.6
and 13.3 % of the participants’ father and mother had
attended universities, respectively. The male and female
distributions of socio-demographic factors were compar-
able (Table 1). Although some statistically significant dif-
ferences were detected due to the very large sample
sizes, such differences were usually smaller than 2 to 3 %
and did not seem to carry practical significance.
Distribution of PNPIA
The percentage distribution of the variable on PNPIA
was: 17.4 % for nil (male: 16.7 %, female: 18.1 %), 46.3 %
for only a few (male: 41.2 %, female: 52.3 %), 27.1 % for
quite a number (male: 29.3 %, female: 24.6 %), and 9.2 %
for a large number (male: 12.8 %, female: 5.1 %). Male
students reported significantly higher PNPIA than fe-
male students (p < 0.001; Table 1).
Prevalence of IA
About one sixth of the participants (16.0 %; 95 % CI: 15.2
to 16.7 %) were classified as cases of IA (i.e., CIAS score >
63), and the IA prevalence of male students (17.6 %; 95 %
CI: 16.6 to 18.7 %) was slightly higher than that of female
students (14.0 %; 95 % CI: 13.0 to 15.1 %; p < .001). IA
prevalence broken down by both participants’ school grade
and sex is presented in Table 2. The mean CIAS score was
50.2 (SD = 14.6) for males and 49.2 (SD = 13.9) for females.
The CIAS scores were not normally distributed according
to Kolmogorov-Smirnov test both for males (p < 0.01) and
females (p < 0.01), but our logistic regression analysis was
not affected because our dependent variable of IA
was binary and such analysis does not require normal
distribution for the dependent variable.
Perceived susceptibility and perceived severity
related to IA
Slightly more than one tenth (12.2 %) of all the sam-
pled students (13.3 % for males and 10.9 % for females,
p < 0.001) either definitely agreed or agreed that they
would develop IA in the next 12 months (perceived
susceptibility). Regarding perceived severity, only
54.7 % of all participants either definitely agreed or
agreed that IA would be harmful to them (50.7 % for
males and 59.2 % for females; p < 0.001; Table 3). Among
the IA cases, the prevalence of perceived susceptibility
was 36.5 % (35.2 % for males and 38.8 % for females,
p < 0.001), and 7.6 % among non-IA cases (8.7 % for
males; 6.3 % for females, p < 0.001; data were not
tabulated). Only about half of the IA cases (50.2 % for
males and 56.8 % for females, p = 0.039) and about 55.0 %
of the non-IA cases (50.9 % for males and 59.6 % for
females, p < 0.001) perceived that IA would be harmful to
them (data not tabulated). Comparisons of perceived IA
susceptibility and severity between IA and non-IA cases
are made in a later section of this report.
Other HBM cognitions related to Internet use
Over half of the agreed with at least one item in the Per-
ceived Barriers for Reducing Internet Use Scale (54.1 %
for all students; 51.0 % for males; 57.5 % for females) or
Perceived Social Benefits of Internet Use Scale (58.7 %
for all students; 58.4 % for males; 58.8 % for females).
Among the IA cases, the percentages of agreeing with at
least one item was 79.3 % (74.5 % for males and 86.2 %
for females) in the Perceived Barriers for Reducing Inter-
net Use Scale, and 77.4 % (74.6 % for males and 81.2 %
for females) in Perceived Social Benefits of Internet Use
Scale (data not tabulated). Regarding cue to action, 43.1
and 10.6 % of the participants reported that their parents
and teachers/social workers had suggested them to re-
duce Internet use, respectively. Among the IA cases,
however, nearly one-third had neither been reminded by
their parents, nor by their teachers/social workers
(32.7 % for all, 31.0 % for males, and 35.4 % for females;
data not tabulated). Regarding perceived self-efficacy to
reduce Internet use, 15.1 % (17.7 % for males; 12.0 % for
females) agreed that they were not confident to reduce
their Internet use, and 17.7 % agreed that they perceived
difficulty in reducing their Internet use (19.1 % for males
and 16.1 % for females, Table 3). Females, as compared
to males, scored significantly higher in perceived sever-
ity, perceived barriers, and perceived self-efficacy, but
scored lower in perceived social benefits and cue to ac-
tion (Table 1).
Socio-demographic factors associated with IA stratified
by sex
In the univariate analysis (Table 2), socio-demographic
factors that were significantly associated with IA
among male students included: 1) higher form (Sec-
ondary 2: 17.8 % and ORu = 1.56; Secondary 3: 19.7 %
and ORu = 1.76; Secondary 4, 20.8 % and ORu = 1.88;
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Table 1 Participants’ characteristics by sexa
Males Females Total p value*
(N = 5062) (N = 4396) (N = 9518)
%/mean (SD) %/mean (SD) %/mean (SD)
School grade
Secondary 1 24.71 23.23 23.98 0.043
Secondary 2 24.71 24.25 24.51
Secondary 3 26.49 26.00 26.31
Secondary 4 24.08 26.52 25.20
Father’s education level
Junior secondary school or below 26.51 29.50 27.83 <0.001
Senior secondary school or matriculation 37.34 39.04 38.22
University or college or above 18.25 14.70 16.57
Missing 17.90 16.77 17.38
Mother’s education level
Junior secondary school or below 27.12 30.48 28.66 <0.001
Senior secondary school or matriculation 40.34 43.06 41.67
University or college or above 15.27 11.03 13.25
Missing 17.27 15.42 16.42
Living arrangement with parents
Living with both parents 82.83 82.50 82.70 0.143
Living with the mother only 9.25 9.92 9.55
Living with the father only 3.14 2.82 2.99
Living with none of the parents 2.67 3.34 2.97
Missing 2.11 1.39 1.79
Father’s age (mean ± SD) 46.95 ± 6.78 47.08 ± 6.59 47.02 ± 6.68 0.428
Whether born in HK/length of residency
Yes, born in HK 79.89 77.05 78.58 <0.001
No, stayed in HK ≥7 years 11.81 13.33 12.53
No, stayed in HK <7 years 5.55 7.48 6.43
No, can’t remember when came to HK 2.00 1.66 1.84
Missing 0.75 0.48 0.62
HBM constructs
Perceived Susceptibility to IA 2.36 ± 1.08 2.35 ± 1.00 2.36 ± 1.04 0.558
Perceived Severity of IA 3.29 ± 1.26 3.52 ± 1.12 3.40 ± 1.20 <0.001
Perceived Barriers (reducing use) 10.39 ± 3.99 10.81 ± 3.82 10.59 ± 3.92 <0.001
Perceived Social Benefits (Internet use) 13.70 ± 4.20 13.40 ± 3.99 13.57 ± 4.11 <0.001
Cue to Action Scale (reducing use) 5.46 ± 2.05 4.91 ± 1.95 5.21 ± 2.03 <0.001
Perceived Self-efficacy (reducing use) 7.08 ± 2.04 7.30 ± 1.90 7.18 ± 1.98 <0.001
Perceived number of peers with IA (PNPIA)
Nil 16.69 18.08 17.35 <0.001
Only a few 41.21 52.30 46.34
Quite a number 29.26 24.57 27.10
A large number 12.84 5.05 9.21
Cases with missing information for gender were excluded from analysis (n = 60)
*χ2 test or 2-sample t-test
aFigures for the variable on school attended by participants (18 schools) were not listed in this table
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reference group = Secondary 1: 12.2 %) and 2) not liv-
ing with both parents (living with mother only: ORu =
1.47; living the father only: ORu = 2.26), while higher
paternal education level (senior secondary school or
matriculation, ORu = 0.74; university or college or over,
ORu = 0.51) and higher maternal education level (se-
nior secondary school or matriculation, ORu = 0.64;
university or college or over, ORu = 0.48) were protect-
ive factors against IA. Similar significant factors were
found for females, except for paternal education level
which was found to be non-significant. The odds ratios
for females are summarized in Table 2.
HBM constructs and PNPIA as factors of IA
Adjusted for the aforementioned significant socio-
demographic factors, with one exception (perceived se-
verity for female students), the six variables (scales)
based on the HBM were all significantly associated with
IA for both male and female students (Table 4).
As specified by the HBM, the adjusted analysis (ad-
justed for background factors that were significantly as-
sociated with IA) showed that higher perceived barriers
for reducing Internet use (males: ORa = 1.26, 95 % CI =
1.23 to 1.29; females: ORa = 1.36, 95 % CI = 1.32 to 1.40)
and higher perceived social benefits of Internet use
Table 2 Associations between socio-demographic factors and IAa,b
Males Females
% ORu (95 % CI) % ORu (95 % CI)
School grade
Secondary 1 12.23 1.00 9.30 1.00
Secondary 2 17.83 1.56 (1.25 ~ 1.95) 13.88 1.57 (1.20 ~ 2.07)
Secondary 3 19.69 1.76 (1.42 ~ 2.18)* 14.61 1.67 (1.28 ~ 2.18)
Secondary 4 20.75 1.88 (1.51 ~ 2.34)** 17.67 2.09 (1.61 ~ 2.71)**
Father’s education level
Junior secondary school or below 21.76 1.00 15.34 1.00
Senior secondary school or matriculation 17.14 0.74 (0.62 ~ 0.89)** 13.81 0.88 (0.72 ~ 1.08)
University or college or above 12.34 0.51 (0.40 ~ 0.64)** 12.69 0.80 (0.61 ~ 1.06)
Missing 17.99 0.79 (0.64 ~ 0.98)* 13.30 0.85 (0.65 ~ 1.10)
Mother’s education level
Junior secondary school or below 23.09 1.00 15.52 1.00
Senior secondary school or matriculation 16.01 0.64 (0.54 ~ 0.76)** 13.63 0.86 (0.71 ~ 1.05)
University or college or above 12.68 0.48 (0.38 ~ 0.62)** 10.72 0.65 (0.47 ~ 0.90)*
Missing 17.28 0.70 (0.56 ~ 0.86)** 14.45 0.92 (0.71 ~ 1.19)
Living arrangement with parents
Living with both parents 16.46 1.00 13.09 1.00
Living with the mother only 22.44 1.47 (1.16 ~ 1.85)** 18.58 1.52 (1.17 ~ 1.96)**
Living with the father only 30.82 2.26 (1.60 ~ 3.20)** 20.97 1.76 (1.13 ~ 2.74)*
Living with none of the parents 20.00 1.27 (0.83 ~ 1.95) 17.01 1.36 (0.88 ~ 2.11)
Missing 20.56 1.31 (0.82 ~ 2.12) 14.75 1.15 (0.56 ~ 2.35)
Father’s age Not applicable 1.01 (0.99 ~ 1.02) Not applicable 1.01 (0.99 ~ 1.02)
Whether born in HK/length of stay
Yes, born in HK 17.01 1.00 13.88 1.00
No, stayed in HK ≥7 years 20.74 1.28 (1.03 ~ 1.58)* 15.02 1.10 (0.86 ~ 1.40)
No, stayed in HK <7 years 19.93 1.21 (0.90 ~ 1.65) 13.37 0.96 (0.69 ~ 1.34)
No, don’t remember when came to HK 16.83 0.99 (0.58 ~ 1.67) 12.33 0.87 (0.43 ~ 1.77)
Missing 21.05 1.30 (0.59 ~ 2.85) 23.81 1.94 (0.71 ~ 5.32)
*p value < 0.05; **p value < 0.01
aCIAS > 63
bFigures for the school variable were not listed in this table
ORu: univariate odds ratios
Wang et al. BMC Public Health  (2016) 16:272 Page 6 of 13
(males: ORa = 1.19, 95 % CI = 1.17 to 1.22; females: ORa
= 1.23, 95 % CI = 1.20 to 1.26) were positively associated
with IA, while higher perceived self-efficacy for reducing
Internet use (males: ORa = 0.66, 95 % CI = 0.64 to 0.69;
females: ORa = 0.56, 95 % CI = 0.53 to 0.59) was nega-
tively associated with IA.
Some scales showed significant associations in the ad-
justed analysis but the direction of the association was
different from that specified by the HBM. According to
the HBM, high perceived susceptibility and perceived se-
verity related to IA would result in perceived threat,
which would defer people from Internet overuse and
avoid the development of IA. The two variables were
hence expected to be negatively associated with IA. In
contrast, we found that perceived susceptibility (signifi-
cant among both males [ORa = 2.27, 95 % CI = 2.10 to
2.46] and females [ORa = 3.41, 95 % CI = 3.05 to 3.82])
and perceived severity of IA (significant among males
[ORa = 1.14, 95 % CI = 1.07 to 1.21] but not females
[ORa = 1.01, 95 % CI = 0.94-1.10]) were positively associ-
ated with IA. Similarly, it was expected that perceived
cue to action to reduce Internet use would reduce Inter-
net use and would hence be negatively associated with
IA. We however, found a significant positive association
between perceived cue to action and IA (males: ORa =
1.36, 95 % CI = 1.30 to 1.41; females: ORa = 1.47, 95 %
CI = 1.40 to 1.55). Such unexpected associations possibly
reflect causality issues due to the cross-sectional nature
of the study, as those who were classified as IA would be
more likely to perceive high susceptibility and high se-
verity with respect to IA, and would be more likely to
have been reminded by their parents, teachers, and/or
social workers that they should reduce Internet use.
Adjusted for the significant socio-demographic factors,
PNPIA was also significantly associated with IA for both
males (quite a number: ORa = 2.85, 95 % CI = 2.21 to
3.67; a large number: ORa = 3.90, 95 % CI = 2.95 to 5.16)
and females (only a few: ORa = 1.50, 95 % CI = 1.10 to
2.06; quite a number: ORa = 4.35, 95 % CI = 3.16 to 5.98;
a large number: ORa = 9.09, 95 % CI = 6.11 to 13.54),
when the ‘nil’ category was used as the reference group
(Table 4).




















Perceived Susceptibility to IA 52.71 33.96 13.33 53.82 35.33 10.85 53.21 34.59 12.20
Perceived Severity of IA 26.02 23.25 50.73 18.81 21.95 59.24 22.66 22.65 54.69
Perceived Barriers (reducing Internet use)
Reduced communication with your
friends
52.09 18.87 29.04 50.43 15.83 33.74 51.31 17.44 31.25
Feeling lost 54.13 22.17 23.71 55.32 21.41 23.27 54.65 21.80 23.54
Feeling bored 48.26 19.60 32.14 47.00 16.90 36.10 47.64 18.33 34.03
Feeling old fashion 54.13 21.08 24.79 47.59 20.38 32.03 51.02 20.73 28.25
At least one of above = “agree” N.A. N.A. 50.97 N.A. N.A. 57.48 N.A. N.A. 54.07
Perceived Social Benefits (Internet use)
To keep in touch with friends 28.17 39.41 32.42 29.05 36.03 34.92 28.52 37.84 33.63
To meet new friends 60.71 27.46 11.83 67.70 21.00 11.31 63.97 24.46 11.57
Someone who helps solving problems 37.36 39.00 23.65 43.70 38.49 17.81 40.24 38.80 20.96
Someone who gives advices 33.98 34.18 31.85 37.19 35.17 27.64 35.46 34.61 29.93
Someone to talk to 32.38 35.72 31.90 33.51 32.94 33.55 32.85 34.50 32.64
At least one of above = “agree” N.A. N.A. 58.42 N.A. N.A. 58.78 N.A. N.A. 58.65
Cue to Action (reducing Internet use)
Reminded by parents 34.33 18.47 47.19 45.50 16.26 38.24 39.45 17.43 43.12
Reminded by teachers/social workers 54.11 32.93 12.96 65.58 26.68 7.73 59.35 30.06 10.59
Perceived Self-efficacy (reducing Internet
use)
Confidence to reduce Internet use 17.72 29.95 52.33 11.99 29.41 58.60 15.06 29.71 55.23
Difficulty to reduce Internet use 53.54 27.40 19.06 58.55 25.36 16.08 55.87 26.40 17.72
NA: Not applicable
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Correlations between HBM constructs and PNPIA
PNPIA was significantly correlated with the three con-
structs (perceived barriers for reducing Internet use, per-
ceived social benefits of Internet use, and perceived self-
efficacy for reducing Internet use) that were found to be
statistically significant with IA for both males and fe-
males in the adjusted analysis and concurred with the
specification of the HBM (Spearman correlation coeffi-
cients were respectively 0.17, 0.17, and −0.14, p < 0.001,
among males and 0.22, 0.22, and −0.17, p < 0.001, among
females [data not tabulated]).
Variables of the HBM as potential mediators of the
association between PNPIA and IA
The three variables of the HBM (perceived social bene-
fits, perceived barriers and perceived self-efficacy), which
were found to be significantly associated with IA in the
adjusted analysis, and PNPIA were entered in the same
multiple logistic regression model (Table 4). The results
showed that PNPIA remained statistically significant
among both females (quite a number: ORm = 2.44, 95 %
CI = 1.72 to 3.45; a large number: ORm = 3.56, 95 % CI
= 2.24 to 5.64) and males (quite a number: ORm = 2.07,
95 % CI = 1.57 to 2.73; a large number: ORm = 2.39,
95 % CI = 1.75 to 3.25). However, its adjusted odds ratios
(ORa) diminished substantially as compared to those of
the multiple logistic regression models containing only
PNPIA (Table 4). For instance, the odds ratios decreased
from 3.90 to 2.39 for males and 9.09 to 3.56 for females
when comparing the categories of ‘a large number’ ver-
sus ‘nil’ for the variable on PNPIA. The three variables
that followed HBM specifications therefore partially me-
diated the association between PNPIA and IA.
Discussion
About one sixth of the sampled students were classified
as IA cases. The prevalence was higher than that in
mainland China [10, 13] (2.4 to 8.8 %, according to
Young’s criteria) but was slightly lower than that in
Taiwan (20.7 %, according to CIAS) [12]. Another local
study, based on the 10-item Young’s Chinese Internet
Addiction scale, reported prevalence of IA of 19.1 %
among primary and secondary schools in 2008 [16]. The
prevalence of mobile phones with Internet applications
in the Hong Kong general population aged 15 and over
was 62 % in 2012 [66] and about 80 % in 2014 (unpub-
lished data). The prevalence of ownership of such
phones was 74 % among our participants. Such high
prevalence may speed up the spread of IA among ado-
lescents; a hypothesis to be tested in future studies.
Our study found a statistically significant but mild sex
difference in IA prevalence, with more male students
classified as IA than female students. Shek’s study con-
ducted in Hong Kong reported that male and female
Table 4 Factors (three specific HBM constructs and PNPIA) associated with IA
Male students Female students
ORu (95 % CI) ORa (95 % CI) ORm (95 % CI) ORu (95 % CI) ORa (95 % CI) ORm (95 % CI)
Constructs of the HBM
Perceived Susceptibility
to IA
2.31 (2.14 ~ 2.50)** 2.27 (2.10 ~ 2.46)** N.A. 3.40 (3.05 ~ 3.79)** 3.41 (3.05 ~ 3.82)** N.A.
Perceived Severity of IA 1.07 (1.01 ~ 1.13)* 1.14 (1.07 ~ 1.21)** N.A. 0.98 (0.91 ~ 1.06) 1.01 (0.94 ~ 1.10) N.A.
Perceived Barriers
(reducing Internet use)
1.26 (1.23 ~ 1.28)** 1.26 (1.23 ~ 1.29)** 1.15 (1.12 ~ 1.18)** 1.36 (1.32 ~ 1.40)** 1.36 (1.32 ~ 1.40)** 1.20 (1.16 ~ 1.24)**
Perceived Social Benefits
(Internet use)
1.20 (1.17 ~ 1.22)** 1.19 (1.17 ~ 1.22)** 1.10 (1.07 ~ 1.12)** 1.23 (1.20 ~ 1.26)** 1.23 (1.20 ~ 1.26)** 1.10 (1.07 ~ 1.13)**
Cue to Action
(reducing Internet use)
1.36 (1.31 ~ 1.42)** 1.36 (1.30 ~ 1.41)** N.A. 1.43 (1.36 ~ 1.50)** 1.47 (1.40 ~ 1.55)** N.A.
Perceived Self-efficacy
(reducing Internet use)
0.66 (0.64 ~ 0.69)** 0.66 (0.64 ~ 0.69)** 0.76 (0.73 ~ 0.80)** 0.56 (0.53 ~ 0.59)** 0.56 (0.53 ~ 0.59)** 0.67 (0.63 ~ 0.72)**
Perceived number of
peers with IA (PNPIA)
Nil 1.00 1.00 1.00 1.00 1.00 1.00
Only a few 0.95 (0.73 ~ 1.22) 1.02 (0.78 ~ 1.33) 0.91 (0.69 ~ 1.21) 1.53 (1.12 ~ 2.09)** 1.50 (1.10 ~ 2.06)** 1.30 (0.92 ~ 1.82)
Quite a number 2.78 (2.17 ~ 3.55)** 2.85 (2.21 ~ 3.67)** 2.07 (1.57 ~ 2.73)** 4.44 (3.24 ~ 6.08)** 4.35 (3.16 ~ 5.98)** 2.44 (1.72 ~ 3.45)**
A large number 3.91 (2.98 ~ 5.13)** 3.90 (2.95 ~ 5.16)** 2.39 (1.75 ~ 3.25)** 9.03 (6.12 ~ 13.34)** 9.09 (6.11 ~ 13.54)** 3.56 (2.24 ~ 5.64)**
ORu: Univariate odds ratios
ORa: Adjusted odds ratios; adjusted for all significant variables listed in Table 2 plus the school variable
ORm: Multivariate odds ratios obtained by entering all the variables into the same logistic regression models, controlling for the significant background variables
listed in Table 2 plus the school variable
*p value < 0.05; **p value < 0.01
N.A. The variables were not used to fit the multiple logistic regression model
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students had similar risk of having IA [18]. Similarly, the
sex difference was also about 3 % (4.04 and 0.84 % for
males and females) in China [10] and about 2.5 to 4.2 %
in some European studies (6.2 to 6.7 % for males and 2
to 4.2 % for females) [7, 9]. Hence, the sex difference in
IA prevalence detected in this and other studies was
smaller than that of the prevalence of other risk behav-
iors among Asian students, such as smoking (28 and 3 %
in Beijing [67], and 16.9 and 7.0 % in Korea [27]) and al-
cohol use (33.6 and 13.1 % in Guangdong [68]). Risk be-
haviors often involve cultural connotations such as
masculinity, braveness and adventure [69, 70], but health
professionals and parents should keep in mind that IA is
not only confined to male secondary students. We hy-
pothesized that Internet use would be less gender biased
as compared to smoking and alcohol use, as Internet use
is related to new technologies, daily functions, and appli-
cations. It is warranted to test this hypothesis in future
studies.
It is seen that IA increases with school grade, suggest-
ing the presence of an age effect. However, we did not
measure age in this study. Importantly, the prevalence of
IA among Secondary 1 (7th year of formal education)
students was already close to 10 %. Therefore, the age of
onset of IA may be younger than that of other unhealthy
behaviors, such as smoking [70]. IA is associated with
multi-dimensional problems such as depression and aca-
demic behaviors [5, 20, 71]. Its negative impact on young
adolescents requires special attention as lasting harms
could result. Early detection and early intervention for
IA among students are warranted.
We found that single parenthood was a risk factor of
IA, especially for those living only with the father. In
Chinese culture, maternal influences are stronger than
that of paternal influences [72]. Previous studies re-
ported that adolescents of single-parent families showed
higher risks of substance abuse, drinking and smoking,
especially among those living with only the father [73].
The differential impact of living with the father versus
the mother may be mediated through the trend that
mothers are more likely than fathers to exercise control
on their children [74]. Interventions on IA hence need
to pay special attention to single-parent families, espe-
cially to those involving a single father. Maternal educa-
tion level, as compared to paternal education level, also
showed stronger association with IA, again suggesting
the presence of stronger maternal influence over pater-
nal influence on IA. Since interventions for prevention
of IA may require family participation [11, 75], the rela-
tive strength of maternal versus paternal influences is
potentially important.
To our knowledge, this is the first study applying the
HBM to explain IA. In this study, perceived susceptibil-
ity to IA in the next year among non-IA cases was
noticeable. However, we found that perceived severity of
consequences of IA was relatively low as half of the IA
cases did not perceive that IA would be harmful to him-
self/herself. Furthermore, perceived susceptibility and
perceived severity were found to be positively associated
with IA, despite negative associations expected by the
HBM. The discrepancy may be due to causality issues in
the cross-sectional study design, which have been ob-
served in other studies involving the HBM e.g., [76].
That is, those classified as having IA might be likely to
recognize or experience some symptoms related to IA
and hence in the absence of diagnosis, perceive that they
would develop IA in the future, without knowing that
they would have been classified as IA according to an
external instrument. Furthermore, although health care
workers worry about IA among adolescents, adolescents
themselves might not see IA as problematic, as seen
from our data. That may also explain why perceived se-
verity was not negatively associated with IA, as some of
those with IA might even see heavy use of the Internet
as beneficial rather than harmful. Although some theor-
ies, such as those related to fear appeal [77], have indi-
cated that perceived susceptibility and severity would
result in perceived threat which may deter adoption of a
risk behavior [77], our results suggest that IA prevention
programs emphasizing the threat (perceived susceptibil-
ity and severity) associated with IA are unlikely to be ef-
fective. Therefore, fear appeal approaches [78], which
have commonly been used for prevention of other risk
behaviors (e.g., substance use), may not be applicable for
prevention of IA among students.
The adolescents’ reliance of the Internet may have be-
come a barrier against reducing its use, as over half of
them agreed with at least one type of perceived barrier
for reducing Internet use (i.e., reduced communication
with friends, feeling lost, bored and old fashion). Inter-
net use may have become an “indispensable” means of
social interaction and even an internalized identity of
the student [79]. In addition, perceived barriers were sig-
nificantly and strongly associated with IA. Future inter-
vention programs should hence consider how to remove
such barriers. For example, school-based campaigns
which encourage controlled Internet use and organize
regular offline social activities for students may lower
their perceived barriers for reducing Internet use and
thus risk for developing IA [80].
Consistently, strong social benefits of Internet use
were perceived by the sampled students, as about 60 %
of them reported at least one type of perceived social
benefit. They may see Internet use as a key means of de-
veloping and maintaining friendships and obtaining in-
strumental and emotional support. The Internet has
hence become an important resource, supporting the
formation of new social networks and establishing social
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capital among students [4]. According to social market-
ing principles, a behavior will be initiated if the per-
ceived benefit exceeds the perceived cost [81], which is
likely to be true for the case of Internet use among stu-
dents. Health workers hence cannot underestimate diffi-
culties for preventing or treating IA problems among
students.
Given that Internet use may provide strong perceived
and/or actual benefits, students should be trained to
control their Internet use. As expected, low perceived
self-efficacy to reduce Internet use was significantly as-
sociated with IA. It is hence important to increase stu-
dents’ perceived self-efficacy to regulate their own
Internet use [20, 25, 82]. School-based training like
impulse-control techniques, time management and
interpersonal communication skills have shown to be ef-
fective in improving perceived control over time and
preventing Internet overuse [83].
Contrary to our hypothesis based on the HBM, the
Cue to Action Scale (i.e., reminders from parents and
teachers/social workers) to reduce Internet use was posi-
tively associated with risk of IA. It is likely that those
with IA were often reminded by their parents, teachers
and social workers to reduce Internet use. Hence, IA
might be a cause of parental reminders instead of the re-
verse that parental reminders are a cause of IA. Again,
similar reversed causality problems have been reported
when applying the HBM to other cross-sectional studies
[36]. However, it is important to point out that about
one third of the IA cases reported that they had not
been reminded by their parents to reduce Internet use.
Previous studies have shown that parental control is pro-
tective against IA [84]. Parents should hence be trained
on how to recognize their child’s IA symptoms, commu-
nicate with their child on IA issues, and exercise appro-
priate control on his/her Internet use.
We further observe that the presence of peers with IA
was very common. Males, as compared to female stu-
dents, perceived more peers with IA. The sex difference
is consistent with the observation that males have higher
IA prevalence than females. However, the relatively small
sex difference in IA (<3 %) could at most provide a par-
tial explanation of the higher PNPIA among males. It is
also possible that male students with very high intensity
of Internet use might be more likely than females to be
clustered together to play online games or perform other
online activities, or be more aware of one’s peers’ Inter-
net use. Such speculations need to be confirmed by fu-
ture studies. We did not define IA when asking the
question about PNPIA as the definition is a complicated
one and the question was asked prior to asking the items
of CIAS. It is true that the participants may have differ-
ent definitions about IA, but as the term is used collo-
quially in Hong Kong, it is likely that our participants
were referring to peers that were likely to have apparent
problematic Internet use. Therefore, the variable of
PNPIA may be assessing such a perception, which is a
potential source of peer influence on students’ IA status.
Peer influence is one of the strongest predictors of risk
behaviors among adolescents [41–45].
We also found that PNPIA was strongly associated
with IA. Similar findings have not been reported in lit-
erature. Compared to adults, adolescents are less psy-
chosocially mature [85] and more prone to peer
influences during the cognitive processes of decision
making regarding their risk behaviors [86]. Clustering
and inducement effects may co-exist in this case [54].
Students’ beliefs about the outcomes of reducing one’s
Internet use may be directly adopted from other peers
with IA, or students with IA may meet and become
friends with other IA peers via the Internet. This study
further contributes to the understanding of the indirect
effect of PNPIA on IA development by identifying three
partial mediators that were related to the HBM. As men-
tioned, we cannot assume adolescents with or without
IA would perceive IA as harmful; they might even see it
as beneficial. Unlike the case of having peers who are
drug users or smokers, some adolescents and even their
family members might not perceive any need to avoid
peers with IA. Thus, there was no obvious obstacle fil-
tering adolescents’ exposure to influences on Internet
use exerted by peers with IA. Such influences might op-
erate through mediators including increases in perceived
social benefits of Internet use and perceived barriers for
reducing Internet use, and decreases in perceived self-
efficacy for reducing Internet use, resulting in an in-
creased risk of developing IA. Interventions may con-
sider modifying these constructs.
The students’ social context may offer some potential
explanations for observed mediating effects. To the stu-
dents, having peers with IA may increase perceived so-
cial benefits of Internet use as they can connect with
their peers with IA in the cyber world. These heightened
perceived social benefits could increase Internet use and
may lead to IA. Similarly, having peers with IA may in-
crease the perceived barriers for reducing IA, as reduc-
tion of such use may result in potential loss of approval
from and connection with those peers with IA, and
hence “the world”. The contention that students connect
with some peers with IA via the Internet therefore ex-
plains the mediating effects of the two constructs related
to perceived social benefits of Internet use and perceived
barriers for reducing Internet use. Furthermore, the
presence of IA peers may adversely influence students’
subjective judgment on self-competence in controlling
Internet use through vicarious learning [57].
The mediating effects have important implications for
designing interventions. Ability to change perceptions
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on the three partial mediators of the associations be-
tween PNPIA and IA may neutralize potential influences
of peers with IA on IA development among secondary
school students. The findings of this study suggest the
usefulness of group cognitive-behavioral interventions
[83], which can involve both IA cases and their peers
with IA. Such interventions may focus on altering their
cognitions of the three specific constructs of the HBM.
Given the strong effect of peer influence, changing rele-
vant cognitions related to IA through group interven-
tions (e.g., class discussion) may be a good entry point
for preventing IA among students. Peer education pro-
grams led by those peers who have recovered from IA
and act as role models are also potentially useful alterna-
tives for changing perceived benefits and barriers related
to Internet use, as well as promoting perceived self-
efficacy toward reducing Internet use. However, caution
should be exercised when implementing group interven-
tions involving unidentified IA cases, as such events may
connect such non-IA cases with new and old peers with
IA, and expose non-IA cases to negative cognitive influ-
ences from such peers with IA, hence increasing their
risk of developing IA.
It is important to point out that the partial but not full
mediation effect implies that other mechanisms may
exist in explaining the association between students’
PNPIA and IA. We have mentioned potential clustering
effects of students with IA as one of the potential mech-
anisms. Modeling effects and emotional factors may also
be involved [87, 88]. This is the first study attempting to
discern such mediation effects. Future studies are war-
ranted and allow us to understand better the mechanisms
of peer influences on risk behaviors among students.
The study had some limitations. First, identification of
IA and PNPIA relied solely on self-reported data and
reporting bias may exist. In particular, the way that
PNPIA was measured by one single question presents a
limitation, as participants may have different under-
standings on the definition of IA and they might have
referred to their responses as heavy Internet use or over-
use, instead of IA. We were hence actually assessing per-
ception instead of the true number of peers with IA.
However, as IA is commonly used in daily language
among adolescents in Hong Kong, the participants
seemed to show no problem answering the question. We
believe that PNPIA was a reasonable indicator of poten-
tial peer influences on Internet use that might increase
students’ Internet use and hence risk of developing IA.
Second, it was a cross-sectional survey, and no causal re-
lationship could be established, as seen from the findings
that some significant associations did not concur with
the HBM. Third, a panel was formed to construct some
scales to assess cognitions related to Internet use based
on the HBM since such scales were not available. We
restricted ourselves to social benefits when assessing
perceived benefits of Internet use because social media
is growingly influential, but other aspects of perceived
benefits could have been used. Some constructs were
only measured by one or two items (e.g., perceived sus-
ceptibility and perceived severity) and reliability of those
indicators could not be assessed. One of the limitations
is that the subscales formed had an uneven number of
items, according to the panel’s suggestions. Last, we did
not ask about age as we thought that age was relatively
homogeneous with school grades. However, age might
interact with the associations found due to maturation
of the students. Future studies should investigate
whether associations found in this study vary as age
increases.
Conclusions
With a large and representative sample, we found high
prevalence of IA among Chinese secondary school stu-
dents in Hong Kong. The results supported that specific
constructs of the HBM (perceived social benefits of
Internet use, perceived barriers for reducing Internet use
and perceived self-efficacy to reduce Internet use) were
risk factors of IA. We found that PNPIA was another
significant factor, and more importantly, its influence on
IA was partially mediated by the three aforementioned
constructs of the HBM. We anticipated and discussed
about huge difficulties and challenges expected when de-
signing IA prevention programs, as students’ perceived
benefits of Internet use might well exceed that of per-
ceived cost. The cost-benefit imbalance also explains the
relatively high IA prevalence observed in this sample. In-
terventions need to consider family input, cognitive
changes and peer influences. Efforts for prevention of IA
are uphill, as Internet use has penetrated into the essen-
tial aspects of adolescents’ daily life, including but not
limited to learning, entertainment, social interactions
and information seeking. Unfortunately, it seems that
the IA problem may escalate further.
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